Structure and properties of laser beam welding zone of dissimilar materials, AZ31 magnesium alloy and A5754 Aluminum alloy, are investigated. The microstructure and quality of the Mg/Al weld were studied by metallography, microhardness and optical microscopy. Differences in physical and mechanical properties of both materials, magnesium and aluminum, affect weldability and resistance of this combination, and lead to the formation of intermetallic compounds in the welded metal.
Introduction
The procedures mostly described for obtaining quality welds in the literature have been elaborated for identical metals or, at least, for metals of similar compositions and properties.
However, there are many applications in which assembly is made from metals of different compositions. This may be the case when one has to solve a mechanical wear problem, a high-temperature situation, or other conditions in which different properties are required from different parts of the same assembly. Therefore, the dissimilar-metal welding process has been identified as top priority for materials joining technologies recently [1] .
Use of lightweight materials improves the energy efficiency and fuel economy of automotive vehicles. Thus, because of their extremely low weight in combination with their good castability and workability, the use of Mg alloys and Al alloys in specific structural applications has increased, replacing often the steels [2] [3] .
Welding of Mg and Al to form a compound structure can reduce the weight of the structure and the cost of the workpiece. However, it is difficult to obtain good dissimilar welds of these two kinds of alloys through conventional fusion welding techniques, such as arc and electron beam [4] , since large intermetallic compounds, which have a strong negative effect on the mechanical properties of the weld, are easy to form in these processes [5] .
In the past, the dissimilar combination of magnesium and aluminum has been realized by vacuum diffusion welding [6] or even by explosion welding [7] . These methods allow to obtain promising results but are difficult to implement in the context of industrialization.
Other techniques, like friction stir welding [8] are particularly suitable for joining very dissimilar materials, by reducing the amount of interfacial brittle phases promoted by high temperature gradients. But again, the process used does not allow flexibility in the case of complex shapes or when the processing speed is a key factor in the success of the assembly.
Among the welding processes, laser techniques are now widely used for industrial production of homogeneous joints in the automotive industry because of a rather high flexibility of laser tool, and because of high welding speed. However, few studies have stated the limit of such techniques to join the Mg alloys to Al alloys [9] . So it is necessary to study the microstructure of laser welded joint Mg/Al.
The main objective of this research is to investigate the microstructure and the effect of the position in overlap joints of Al and Mg on the intermetallic compounds formation in the fusion zone. Experiments were conducted to provide a better understanding of the process.
The microstructure and micro-hardness distribution were observed and analyzed by means of metallography and microhardness tests.
Experimental details
AZ31 magnesium alloy and A5754 aluminum alloy were selected as the base metal for welding experiments. AZ31 magnesium alloy was chosen due to its good rolling capabilities.
2 mm thick plates were hot rolled by several passes and then leveled and annealed at 300°C.
The A5754 aluminum alloy belongs to the 5xxx series. This group includes magnesium as the major alloying element (up to 5.6%). These alloys derive their strength from the solid solution strengthening due to magnesium. The nominal alloying elemental compositions of AZ31 and A5754 alloy are shown in The sheet was cut and machined into rectangular samples, 160 mm long by 110 mm wide.
Two kinds of assemblies were realized: (1) with aluminum placed upon magnesium and (2) with the magnesium placed upon aluminum in an overlap configuration, Fig.1 As magnesium and aluminum are highly susceptible to oxidation, a protective atmosphere is required during welding. The use of shielding gas is also used to protect the optics from metal slag. It is well known that the choice of the shielding gas has an influence on the formation of the plasma. Three types of shielding gases are commonly used in laser welding:
helium, argon and nitrogen. Many authors have investigated the effectiveness of these three shielding gases and have reported that an argon gas flow was a good choice for these two materials, in case of Nd:YAG welding [10] . The use of a back shielding gas can reduce the sag, which often occurs due to the low viscosity and surface tension of magnesium.
The influence of gas flow rate on weld width was also studied and it was reported that increasing gas flow up to 20 l/min is needed to affect the susceptibility to oxidation [10] . Next to these works, we decide to use 20 l/min argon gas flow to protect the molten pool of the top and back from oxidation. The focal point was fixed on the surface of workpiece.
After welding, the laser-welded joints were ground with abrasive paper, mechanically Fig.3(a) , and between the fusion zone and the Al substrate, Fig.3(b) . The microstructure consists of three different areas: base metal, heat-affected zone and fusion zone. From the microstructure analysis, the heat-affected area could be identified only between fusion zone and Mg substrate, Fig.3 (a), however no difference could not be observed between the heat-affected zone and the Al substrate, Fig.3(b) . Also, it can be seen from the Fig.3 (a) that the structure close to the weld metal was columnar crystals which grew into the base metal. Fig.4 shows the micrograph of Mg-Al interface. The welded metal is mainly composed of dendrite crystals, which were eutectic in structure formed during the laser beam welding [11] .
Results and discussion
From this figure, it can be observed that the microstructure of the fusion zone is composed of a rather complex and heterogeneous solidification structure. This microstructure was promoted by hydrodynamic movements in the Mg-Al interface. A recrystallization phenomenon was also evidenced in the fusion zone of dissimilar laser welds, with a grains refinement generated during cooling thermal cycles. Fig. 2(a) and (b). For convenience of discussion, the binary Al-Mg phase diagram [12] is shown in Fig.5 . The analysis results of the chemical composition of various representative areas of the welds are given in Table 3 . Particular attention is also given to the mechanical properties of dissimilar welds by monitoring the hardness in the different zones (Fusion zone and base metals). The microhardness distribution of the fusion zone has an effect on the performance of the weld. Fig.9 shows the hardness profile of the dissimilar weld AZ31/A5754. As can be seen, the hardness of the fusion zone is significantly higher than that of Mg substrate (65 HV) and Al substrate (64 HV). The microstructure of the fusion zone of dissimilar weld AZ31/A5754 depends on the chemical composition of both AZ31 and A5754 base metals. So, the structure transformation may be reflected by the microhardness distribution.
Materials Chemical
According to previous observation, Fig.6 and Fig.7 , the fusion zone was characterized by complex vortex flow so this enhances the intermetallic compounds formations, which were composed of the brittle phases, Al 3 Mg 2 and Al 12 Mg 17 , as confirmed by much higher hardness in the fusion zone relative to the base metals, Fig.9 (a) and (b). It was shown that the phases Al 3 Mg 2 and Al 12 Mg 17 can reach hardness levels greater than 220 Vickers [13] . These important hard phases, combined with a refinement of the grain, can explain the values reached in the melted zones. 
Conclusion
This study could be a helpful document to understand the microstructure and the performance of a Mg/Al laser beam weld, when the aluminum is placed above the magnesium and also when the magnesium is placed above the aluminum.
1-The microstructure in the fusion zone of dissimilar welds between Mg/Al was observed and analyzed. The welded metal was mainly composed of dendrite crystals. 3-The microhardness measurements in the fusion zone were higher than that in the base metals. The test results indicate that the Mg-Al intermetallic with high hardness could be formed near the fusion zone, and this caused much higher hardness in the weld metal.
2-A variety of

